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ABSTRACT: Ca lcu la t ion  of changes i n  t he  shock-wave velo- 
c i t y  and gas-flow parameters i n  the  process  of nonin- 
s tan taneous  opening of  t he  diaphragm of a shock tube.  
The method of c h a r a c t e r i s t i c s  i s  used i n  developing t h e  
computer a lgori thms a p p l i e d  i n  the  c a l c u l a t i o n s .  The 
c a l c u l a t e d  values  f o r  shock-wave v e l o c i t i e s  and gas-f l o w  
parameters are compared w i t h  experimental  r e s u l t s  for a 
number of s t e e l ,  aluminum, and brass diaphragms of var- 
ious  des igns .  

Calculated r e s u l t s  are p resen ted  f o r  t h e  v a r i a t i o n  of shock- 
wave propagat ion v e l o c i t y  on opening of the diaphragm and t h e  
parameters of the  d r i v i n g  and d r iven  gases on t h e  a c c e l e r a t i n g  
s e c t i o n  of a single-diaphragm shock tube .  The computed va lues  
a r e  compared i n  some cases  w i t h  va lues  measured exper imenta l ly .  

It i s  known that  the b a s i c  
f a c t o r  determining the  d e v i a t i o n  . 
of flow s t e r e o t y p e  from tha t  pre- 
d i c t e d  f rom t h e  idea l  theory [l, 
21 on the i n i t i a l  pa th  of shock- 
wave motion i n  a shock tube  i s  
the f a c t  t ha t  t h e  diaphragm does 
no t  open in s t an taneous ly  [i-32. 
Noninstantaneous diaphragm open- 
i n g  r e s u l t s  i n  a c c e l e r a t i o n  of  
t h e  shock wave on an a c c e l e r a t i n g  
segment [l-31, t h e  presence of 
nonunidimensional f low i n  t h e  
v i c i n i t y  of  t h e  diaphragm [2, 4, 
51, t h e  experimental ly  observed 
dens i ty  nonuniformity of t h e  
d r iven  gas [63, and an i n c r e a s e  
i n  t he  maximum shock-wave v e l o c i t y  over  that of the  i d e a l  theory 
[3]. Reference [3] proposes a c a l c u l a t i o n  model t h a t  enables  us  
t o  t ake  i n t o  cons ide ra t ion  only t h e  i n c r e a s e  i n  t he  maximum shock- 

F igure  1 

/120* 
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JtNurnbeps i n  t h e  margin i n d i c a t e  pag ina t ion  i n  t h e  f o r e i g n  t e x t .  
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wave v e l o c i t y  over  the l eng th  of t h e  tube among a l l  of the  devia- 
t i o n s  from the idea l  shock-tube model i n d i c a t e d  above. The f low 
model proposed i n  [TI, which was used i n  t h e  p r e s e n t  s tudy ,  per- 
m i t s  de te rmina t ion  of t he  mode of opening of t he  diaphragm and 
the  a s s o c i a t e d  v a r i a t i o n s  i n  shock-wave v e l o c i t y  and the  flow 
v a r i a b l e s  of t h e  d r i v i n g  and d r iven  gases. 

1. A three-dimensional  nonsteady f l o w  t h a t  i s  very d i f f i c u l t  
t o  c a l c u l a t e  numerical ly  arises around t h e  diaphragm as it opens. 
I n  the  flow schemat iza t ion  used here [TI, which i s  r e p r e s e n t e d  i n  
Fig. 1, i t  i s  assumed that  the gas i n  t h e  high-pressure chamber 
expands i n  a one-dimensional nonsteady decompression wave R and 
t h a t  the  v a r i a b l e s  of  t h e  gas pass ing  ac ross  t h i s  wave i n  s e c t i o n  
1, i n  the c r i t i c a l  s e c t i o n  *, and i n  s e c t i o n  z ( i n  which the ex- 
Fanding j e t  G f  d r i v i n g  gas  Feaches the  chamber walls)  are i n t e r -  
related at  any p o i n t  i n  t i m e  by the  equat ions  of one-dimensional 
steady flow ( q u a s i s t a t i o n a r y  f low) .  

If w e  assume t h a t  the  flow on the q u a s i s t a t i o n a r y  segment i s  
i s e n t r o p i c ,  the equa t ion  sys t em connect ing the dr iving-gas v a r i -  
ables from the i n i t i a l  s e c t i o n s  t o  s e c t i o n  g, i n  combination w i t h  
t he  l a w  of v a r i a t i o n  o f  f low-sect ion area f ,  = f , ( t )  a t  t i m e  t,, 
enables  us t o  determine the  supersonic-flow variables i n  s e c t i o n  
- z as func t ions  of t i m e .  Obviously, t he  v a r i a t i o n  o f  t he  l a t t e r  
determines the  subsequent flow, which w e  sha l l  assume t o  be one- 
dimensional and nonsteady. Here, as i n  [3] ,  r e f l e c t i o n  of the 
flow from the  tube  w a l l s  i s  no t  t a k e n  i n t o  account.  

The coord ina te  of t h e  s e c t i o n  i n  which t:?e diaphragm i s  
mounted i s  taken  as t h e  approximate coord ina te  x of  s e c t i o n  2, 
s i n c e ,  accord ing  t o  [4],  the  segment w i t h  eL:senFially two-dimen- 
s i o n a l  flow n e a r  t he  diaphragm i s  much smaller t h a n  t h e  t o t a l  
a c c e l e r a t i o n  d i s t a n c e .  /121 

I n  [TI, t he  r e l a t i o n s h i p  f ,  = f * ( t )  was found by  s imultan-  
eous s o l u t i o n  of t h e  equa t ions  

which were obta ined  by i n t e g r a t i n g  the cqu.-ttions 

(1.2) 1 f* 
f- 

8 = y V - 4  -= l--coscp 

Here, 9 i s  t h e  blade r o t a t i o n  ang le ,  C p o  arid Q 0  :-.A8e t h e  
angular  v e l o c i t y  and r o t a t i o n  angle  of t h e  b l a d e  a t  cfme to, I 
i s  t h e  moment of  i n e r t i a ,  M i s  the  torque ,  M i s  the  moment of  9 
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r e s i s t a n c e ,  and f i s  the  c ross - sec t iona l  area o f  t h e  low-pressure 
chamber. (Here and below, the s u b s c r i p t s  minus and p l u s  denote  
v a r i a b l e s  i n  t he  low- and high-pressure chambers, r e s p e c t i v e l y . )  
The opening t i m e  of t h e  diaphragm depends only s l i g h t l y  on the 
r e s i s t a n c e  f o r c e s  [TI. A nulnerical c a l c u l a t i o n  of M ( 4 )  made f o r  
the  i n i t i a l  cond i t ions :  p r e s s u r e  p, = 70 kg/cm2 (hydrogen),  I = 
= 0.82 
t ha t  t h i s  f u n c t i o n  can b e  approximated qui te .  w e l l  by t he  l i n e a r  
r e l a t i o n  (dashed . l i n e )  

4 

kg*cm*sec2, M = 0 ,  and f, = f , i n d i c a t e d  (F ig .  2 )  

F igure  2 F igure  3 

Here M, and M, can be determined i n  advance, s i n c e ,  accord- 
4.ng to the  flow model adopted, 
and * (x ‘L 0 )  agree  a t  time ze ro  ( 4  
i s  wide open ( 4  = %T) w i t h  t he  corresponding v a r i a b l e s  i n  s e c t i o n  
x = 0 ,  which can be  determined from the idea l  motel [l, 21. 
s u b s t i t u t i n g  ( 1 . 3 )  i n t o  (1.2) and assuming t h a t  O 0  = 0 and O 0  = 0 
a t  to = 0 ,  w e  o b t a i n  

t h e  flow v a r i a b l e s  i n  s e c t i o n s  z 
= 0 )  and when t h e  diaphragm 

Then, 

Solv ing  ( 1 . 4 )  and ( 1 . 2 )  s imultaneously on the  assumption of 
cons t an t  r a t i o  of s p e c i f i c  heats y f ,  w e  o b t a i n  the  f u n c t i o n  f*  = 
= f*(t)  i n  t h e  form 

F igure  3 compares ou r  r e l a t i o n s h i p  (1 .5 )  ( l i n e  a) w i t h  t hose  
found exper imenta l ly  i n  [ 8 1  ( l i n e  k) ,  C9] ( l i n e  c), and E51 ( l i n e  

3 



- d )  . We see t h a t  Formula (1.5)  desc r ibes  t h e  diaphragm opening 
curve q u i t e  s a t i s f a c t o r i l y ,  and i t  w i l l  b e  used i n  th.e ca l cu la -  
t i o n s  t o  fol low.  

The t o t a l  diaphragm opening t i m e  t* can be found i f  w e  s e t  
(J = %IT i n  ( 1 . 4 ) .  Thus, f o r  a diaphragm of  th i ckness  6 made from 
a material wi th  a d e n s i t y  p and i n s e r t e d  i n  a square-sec t ion  (H x 
x H )  shock tube  ( w i t h  s c o r i n g  a long  t h e  d iagonals  of t he  s q u a r e ) ,  
w e  have 

We no te  t h a t  (1 .6 )  was de r ived  i n  [lo] by dimensional  analy- 
sis based on t h e  r e s u l t s  of  [TI, where i t  was shown t h a t  i n e r t i a l  
f o r c e s  are d e c i s i v e  f o r  diaphragm opening. A s  w e  see from (1.6), 
N i s  determined by the n a t u r e  of the gas; N = 0.9506 f o r  y, = 1 . 4 .  

Equation ( 1 . 6 )  can a l s o  be /122 
used f o r  approximate determina- 
t i o n  of t* i n  a round-sect ion 
shock tube ,  f o r  which d f i  must 
b e  s u b s t i t u t e d  f o r  H. 

The va lues  of t J c  = t * 
( i n  psec)  computed by  ( 1 . b )  are 
i n  s a t i s f a c t o r y  agreement w i t h  
the  measured t* = t2* f o r  var-  
i ous  t+ ( i n  kg/cm2), geometrical 
dimensions H and 6 ( i n  cm) and 
diaphragm materials ( l i t e r a t u r e  
sources  are i n d i c a t e d  i n  t he  
l a s t  column of T a b l e  1). The 
experimental  va lues  o f  t2* g iven  
i n  [8] are an except ion .  

5 I -.-. 
2 .  The flow v a r i a b l e s  and 

Figure 4 the  v a r i a t i o n s  of shock-wave 
propagat ion v e l o c i t y  on the  ac- 
c e l e r a t i o n  segment of t h e  shock 

tube (below s e c t i o n  z )  were computed on an M-20 e l e c t r o n i c  d i g i t a l  
computer by t h e  method of  c h a r a c t e r i s t i c s  [14, 151, u s i n g  the  d i -  
mensi on les  s parameters 

Here 5 i s  d i s t a n c e ,  g i s  t h e  speed of sound, i s  v e l o c i t y ,  
and 1 i s  shock-wave v e l o c i t y .  It was assumed, as i n  [7], t h a t  t h e  
gases  are i n v i s c i d  and nonheat-conducting, have cons t an t  r a t i o s  of  
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s p e c i f i c  heats,  and a r e  i n t e r m i s c i b l e .  

the  s t a r t i n g  i n i t i a l  parameters of the  p resen t  problem w i l l  b e ,  
as i n  c a l c u l a t i u n  of t h e  f low v a r i a b l e s  from the i d e a l  model, 
P- - P- 1 P+, A- = a- /a+, y-, y+. 

When t h e  v a r i a b l e s  of ( 2 . 1 )  are used i n  the c a l c u l a t i o n s ,  

The c a l c u l a t i o n s  were c a r r i e d  ou t  f o r  t he  fo l lowing  i n i t i a l -  
parameter va lues  : 

The c a l c u l a t e d  r e s u l t s  t o  b e  g iven  below f o r  these i n i t i a l -  
parameter va lues  w i l l  be des igna ted  for b r e v i t y  as Sets  1, 2 ,  3, 
and 4 ,  r e s p e c t i v e l y .  

appears i n  Fig.  4 (the flow diagram i s  i n  
Fig.  l), where khe s o l i d  l i n e  S i s  t h e  
shock wave, the dashed l i n e  K i s  the  con- 
t a c t  s u r f a c e ,  t h e  double l i g h t  l i n e  Q i s  

gas ,  t h e  s o l i d  l i g h t  l i n e s  X are the  char- 

p a r t i c l e  t ra jector ies .  The i n i t i a l  s y s t e m  
of waves at  t i m e  t l  ( n e a r  t = 0 )  was deter- 
mined from s o l u t i o n  of an  a r b i t r a r y - d i s -  I 

c o n t i n u i t y  decay problem whose i n i t i a l  con- I 

gas a t  t = 0 and those  of  the d r i v i n g  zas 
i n  s e c t i o n  a t  tl. We no te  t h a t  as y l  i s  Figure 5 

The computed f a m i l y  of c h a r a c t e r i s t i c s  

bpo , 

4 . .  

the  d i s tu rbance  t h a t  arises i n  the  d r i v i n g  c? I 

a c t e r i s t i c s ,  and t h e  dot-dash l i n e s  L are z 

, 
d i t i o n s  were the parameters  o f  t h e  dr iven  ' P U 
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v a r i e d  from t s  t o  t = 0 ,  t h e  d i s tu rbance  Q (F ig .  4 )  w i l l  a t  f i r s t  
be  a decompression wave and then a shock wave, w i t h  t h e  i n t e n s i t y  
of t h i s  wave i n c r e a s i n g  wi th  decreas ing  t,. Thus t h e  d i s tu rbance  
Q was always a shock wave when the  c a l c u l a t i o n s  were made i n  t h e  
i n i t i a l  wave system. 

The presence of  t h e  shock wave Q du r ing  the i n i t i a l .  phase o f  
diaphragm opening was observed exper imenta l ly  i n  [16]. With t i m e ,  
t h e  shock wave Q degenera tes  i n t o  a n  a c o u s t i c  wave. The rapid 
decrease  i n  the  i n t e n s i t y  of shock wave Q w i t h  time t/t ( t  i s  
the  o r d i n a t e  of the  p o i n t  a t  which t h e  l a s t  c h a r a c t e r i s t i c  o r i g i -  
n a t i n g  from the  p o i n t  w i t h  t he  2oord ina tes  x = 0 ,  t = t* meets 
the  shock wave Q (F ig .  4 ) )  i s  ev iden t  from F ig .  5, where w e  have 
p l o t t e d  curves of t h e  p r e s s u r e  r a t i o  P ac ross  t h i s  wave f o r  Sets 
1, 2 ,  3 ,  and 4 with  P - = 0.5 lo”. 

t i c  m e t  shock wave S ( p o i n t  M, Fig.  4) ,  f o r  t h e  fo l lowing  reasons .  
Owing t o  t h e  r ap id  decay of shock wave Q,  the  r eg ion  of d r iv ing -  
gas flow parameters above t h i s  c h a r a c t e r i s t i c  r e p r e s e n t s ,  except  
f o r  a narrow s t r i p  nea r  the  c o n t a c t  s u r f a c e  (which w e  sha l l  n o t  
take i n t o  c o n s i d e r a t i o n  i n  t he  subsequent d i s c u s s i o n ) ,  a n  i s en -  
t r o p i c  flow, which, s i n c e  it 1s contiguous w i t h  t h e  cons tan t -  
parameter flow i n  s e c t i o n  z, i s  a s imple  wave [l’j’]. After pass- 
age of t h i s  wave, t h e r e f o r e ,  there  w i l l  be no c h a r a c t e r i s t i c  of 
addi t iona l -  d i s tu rbances  t o  the  motion of t h e  shock wave from t h i s  
reg ion .  Thereafter, the v a r i a t i o n  of pa r t i c l e  v e l o c i t y  and pres-  
s -xe  along the las t  c h a r a c t e r i s t i c  i n  t h e . d r i v e n  gas d i d  no t  ex- 
ceed one pe rcen t  i n  any of the cases  computed, a l though the  speed 
of sound v a r i e d  cons iderably .  I n  view of  t h i s  p r a c t i c a l  absence 
o f  v e l o c i t y  and f low-pressure g r a d i e n t s ,  i t  can be s ta ted  tha t  
there  w i l l  no t  be  any apprec iab le  p r e s s u r e  and v e l o c i t y  d i s t u r b -  
ances above t h e  l a s t  c h a r a c t e r i s t i c  i n  t h i s  r e g i o n  as w e l l .  T h i s  
i s  c o n s i s t e n t  w i t h  t h e  exac t  s o l u t i o n  of  t h e  one-dimensional non- 
steady flow equat ions  i n  the form 

q q  

q 

The c a l c u l a t i o n s  were broken o f f  a f te r  the  l as t  c h a r a c t e r i s -  

3 as as 
pe;cons2,. u=.const, -+u-=O 

at ax 
p = p( t  - ut), u = a(x - ut) 

Figure 6 ,  2, b, 2, and - d,  p r e s e n t s  curves of  v/v, as a func- 
t i o n  of x/xm f o r  t h e  .nd ica ted  g r a d i e n t s  P - and Sets  1, 2 ,  3, and 
4 ,  r e s p e c t i v e l y .  Here and below, vm i s  t h e  v e l o c i t y  of shock wave 
S a t  po in t  M (xm, tm) , a t  which t h e  l a s t  c h a r a c t e r i s t i c  meets t h i s  

wave. as func t ions  of  t h e  i n i t i a l  grad- 
i e n t  P f o r  these sets  o f  cond i t ions ;  here,  t he  curve numbers 
match Fhe se t  m m b e r s .  With (1.6), t he  diagrams of F igs .  6 and 7 
easi ly  y i e l d  t h e  v e l o c i t y  change of shock wave S on t h e  

Figure 7 shows Xm and T rn 



Figure  6 

a c c e l e r a t i n g  segment f o r  each s p e c i f i c  combination of gas i n i t i a l  
var iables ,  t ube  geometr ica l  dimensions, and diaphragm material. 
It i s  i n t e r e s t i n g  t o  no te  t h a t  a c h a r a c t e r i s t i c  i n f l e c t i o n  of t he  
curves ,  which i n c r e a s e s  wi th  d iminish ing  P-, appears  i n  F ig .  6 ,  
P f o r  yt = 1.67. Supplementary c a l c u l a t i o n s  i n d i c a t e d  t h a t ,  

o t h e r  cond i t ions  t h e  same, t h i s  i n f l e c t i o n  i n c r e a s e s  w i t h  i n -  
c r e a s i n g  yt d e s p i t e  t h e  f a c t  tha t  the manner i n  which the  v a r i -  
ables change i n  s e c t i o n  E ,  which determines the  downstream flow, 
undergoes no marked d i s tu rbances .  

i n  flow v e l o c i t y  and p res su re  along t h e  l a s t  c h a r a c t e r i s t i c  i n  
t h e  d r iven  gas guarantees  t h e  absence of marked p res su re  and 

A s  we have already noted ,  t he  absence o f  apprec i ab le  changes 
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v e l o c i t y  d i s tu rbances  and, consequent ly ,  p r e s e r v a t i o n  o f  v a r i a b l e s  
such as the speed of sound, entropy,  and dens i ty  a long t h e  t ra-  
j e c t o r i e s  of p a r t i c l e s  moving a t  cons tan t  v e l o c i t y  um i n  t h e  re- 
g ion  above the l a s t  c h a r a c t e r i s t i c .  

F igu re  7 

T h i s  makes i t  p o s s i b l e  t o  ca r ry  the  va lues  of a ob ta ined  on / I 2 4  
the l a s t  c h a r a c t e r i s t i c  a long these t r a j e c t o r i e s  to-determine the  
i n f l u e n c e  of  noninstantaneous diaphragm opening on t h e  working- 
p lug  parameters a f t e r  the  shock wave has passed through t h e  ac- 
c e l e r a t i n g  segment. 
a/am as a func t ion  of q”(;C--L’n)/(5:,:-5n!-for SeFs 1, 2 ,  3 ,  and 4 ,  
r e s p e c t i v e l y .  
of t h e  c o n t a c t  s u r f a c e  w i t h  the  l i n e  tm = cons t ,  and am i s  t h e  
speed of sound on shock wave S at p o i n t  g. 
a f u n c t i o n  of P f o r  t he  sets o f  cond i t ions  f o r  which t h e  computa- 
t i o n s  were made: Figure 8 shows tha t  af ter  a c c e l e r a t i o n  of the  
shock wave, t h e  d r iven  gas has s u b s t a n t i a l  son ic -ve loc i ty  nonuni- 
f o r m i t i e s ,  and hence a l s o  tempera ture ,  d e n s i t y ,  and o t h e r  nonuni- 
f o r m i t i e s  stemming from t h e  p r i o r  h i s t o r y  of  shock-wave motion. 
Q u a l i t a t i v e l y  s imilar  r e s u l t s  were obta ined  i n  [6].  

F igure  8 ,  zi, b_, c ,  and d,  p r e s e n t s  va lues  o f  

Here, xn i s  the  a b s c i s s a  of the  i n t e r s e c t i o n  p o i n t  

F igure  7 shows Xn as 

F igure  9 ,  which t y p i f i e s  the  sets  of cond i t ions  computed, 
p r e s e n t s  curves of t he  drJiving-gas v a r i a b l e s  a i %  U/UA, p / p ~  ( t h e  
s u b s c r i p t  i n d i c a t e s  the parameters  of  t he  d r i v i n g  gas a t  p o i n t  /126 
c Fig.  4 )  as they  vary along t h e  l a s t  c h a r a c t e r i s t i c  f o r  Set 2 
Fith P = 0 .5  
t h e  d ig turbance  Q, which i s  i n  t h i s  case  an analog of t h e  decom- 
pression-wave t a i l  i n  t h e  i dea l  model); from them, we can i n f e r  
t h e  absence of the  uniform driving-gas plug p r e d i c t e d  by  i d e a l  
theory  toward the end of  the  shock-wave a c c e l e r a t i o n  d i s t a n c e .  
A s  we should expec t ,  t h e  va lues  obta ined  f o r  vm by t h e  abme 
method f o r  Se t  2 ( t h e  s o l i d  l i n e  I n  F ig .  10) l i e  between the 

( t h e  dot-dash l i n e  i n d i c a t e s  the p o s i t i o n  o f  

8 



values  computed w i t h  t h e  White model. (dashed l i n e )  and t h e  i d e a l  
model ( v T ) .  

Figure 8 - /I25 

The c a l c u l a t i o n s  given above took account of  t h e  dr iving-gas 
to t a l -p re s su re  l o s s e s  only i n  the shock wave Q. However, i t  may 
be necessary t o  cons ider  impact l o s s e s  a t  small r e l a t i v e  diaphragm 
a p e r t u r e s  when these l o s s e s  are s u b s t a n t i a l l y  l a r g e r  than  those  i n  
the normal shock. With th i s '  i n  mind, a c a l c u l a t i o n  was made on 
the  scheme of F ig .  1, where, as be fo re ,  the f low rate and energy 
conserva t ion  equat ions were w r i t t e n  between s e c t i o n s  I., #, and z, 
and t h e  cond i t ion  of cons t an t  entropy between s e c t i o n s  8 and z 
was dropped; the flow i n  s e c t i o n  then  became subsonic ,  and The 



d i s tu rbances  propagated upstream a r r i v e d  a t  s e c t i o n  8 .  Below 
s e c t i o n  E ,  t h e  flow was, as be fo re ,  assumed t o  be one-dimenslonal 
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10 0.72' 
10 0.72 
50 0.8 
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and nonsteady. 
l eng th  of t h e  low-pressure chamber as computed w i t h  cons ide ra t ion  
of  t h e  above cond i t ion  (dashed l i n e  i n  Fig.  11) and t h a t  deter-  
mined from Fig.  6 ( s o l i d  l i n e )  w i t h  t h e  experimental  curves  [51 
(dot-dash l i n e )  i n d i c a t e s  good agreement of the  computed r e s u l t s  
w i th  t h e  experimental  data. The agreement of t h e  c a l c u l a t e d  re- 
sults (F ig .  11) obta ined  w i t h  t h e  above assumptions i s  obviously 
due t o  the f a c t  tha t  t h e  c o n t r i b u t i o n  of  the  f low-variable  change 
t o  a c c e l e r a t i o n  of t h e  shock wave i s  small a t  small diaphragm 
a p e r t u r e s  (when a s u b s t a n t i a l  d i f f e r e n c e  i s  observed i n  the t o t a l -  
p re s su re  l o s s e s )  by comparison w i t h  t h e  c o n t r i b u t i o n  made a t  rela- 
t i v e l y  l a r g e  diaphragm a p e r t u r e s  (when the d i f f e r e n c e  i:i t he  
t o t a l - p r e s s u r e  l o s s e s  p r a c t i c a l l y  van i shes ) .  

Comparison of the  v a r i a t i o n  of  v/vm down t h e  

TABLE 2 
Ha- Ni --. 

P*' I T- I El 

* . I  I 

2 We presen t  a comparison o f  t he  
exper imenta l ly  measured d e n s i t y  p r o f i l e  

I behind t h e  shock wave i n  the  d r i v e n  gas 
w i t h  t ha t  determined from t h e  curves of 

. 1  Fig. 8 and E q .  (1 .6 ) .  The experimental  
v a r i a t i o n  of  t h e  d e n s i t y  p r o f i l e  i n  t h e  
gas  fl-ow behind t h e  shock wave was deter- n.62 

0.05 inined fi-om osc i l lograms obtairied by the  
0.73 p h o t o e l e c t r i c  shadow method [18] and re- 

p r e s e n t i n g  t h e  time d i s t r i b u t i o n  of t h e  
0.7 r e f r ac t ive - index  g r a d i e n t  of t h e  gas  

-* 
r 

* 0.61 
0.66 

10 
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flow s tud ied .  The measurements were made i n  a shock tube  50 mm i n  
i n s i d e  diameter a t  a d i s t ance  of 8 mfrom thediaphragm. One of  
t h e  osci l lograms appears i n  Fig.  12a. It shows the  c h a r a c t e r i s -  
t i c  i n f l e c t i o n  of  t he  t r a c e  i n  the zone between the two sp ikes ,  
corresponding t o  passage of the shock wave 2nd the  con tac t  reg im.  
Th? v a r i a t i o n  of the d e n s i t y  p/p ( p  i s  the  i n i t i a l  d e n s i t y  o f  
the  dr iven  gas)  determined f o r  tEe dFiven gas from t h i s  o s c i l l o -  
gram (dashed l i n e )  i s  compared i n  Fig.  12b w i t h  the  c a l c u l a t e d  /12 7 
change ( s o l i d  l i n e ) .  Table 2 g ives  c a l c u l a t e d  ( E 1 )  and expgri-  
mentally measured ( E 2 )  values  of :== ( r ~ * - ~ l , ) ~ ( r ~ a o - t c ) .  Here, te and 
t e ( F i g .  4 )  are thz  t imes of passage of t h e  con tac t  s u r f a c e  and 
shock wave ac ross  the measurement c ros s  s e c t i o n  (xe) and teo i s  
t h e  time of passage of  the boundary of the zone d i s t u r b e d  by dia- 
phragm opening ac ross  the s e c t i o n  of  measurement. The table a l s o  
g i v s  +J!-ie i n i t i a l  v a r i a b l e s  of t he  gases (p+ i n  kg/cm2 and p 
mm H g )  i n  the ;k;ock-tube chambers. Comparison o f  t he  experimental  
data w i t h  t he  computed data i n  Table 2 and Fig. 1 2  i n d i c a t e s  that  
the  dens i ty  p r o f i l e  obsemed experimental ly  i n  t he  d r iven  gas 
behind the  shock wave can be expla ined  as due to nonfnstantaneous 
diaphragm opening. 

Bazhenova f o r  t h e i r  h e l p f u l  d i scuss ion  of  t h i s  work. 
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